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@ The present invention Is directed at an all-fiber 
in line isolator, the basic isolator includes a single- 
mode optical fiberv a multirnode waveguide, ai coll or > 
other traditipnal means to gen^ate- a magnetic field, 
and a flbentolock or otjjer.trjKlitiortal means to couple 
the fit>er 'tO).the vvayeguidev in one embodiment, the 
fiber has a core and cladding, and maint^ns 
circular state of light polarization. The fiber has; a 
coupling regioli vviiere the cladding is pairtially re- . 



moved. Tfie wiave^uide evanescently couples tb the 
fiber along the coupling region. The waveguide has 
magneto-optical properties such that aippiyirig.va- 
magnetic field albng It causes l?ackward pi-bpagating ' 
light to transfer to the waveguide with rolBiriSaiidfet^ 
banco to fomar^d propagating^ Itght: Other Ombodi-^ 
ments using birefringent optical fibers are^disclos^^^ 
"as well. ■ . ■ ' 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to an optical filjer device 
for use in communication and sensors. The device 
allows transmission of a light signal through an 
optical fib>er in one direction, but prevents it^ prpp^ 
agation in opposite direction. 

2. Information Disclpsure Statement 



cific wavelength. A new kind of all-filDer >; ih-lin& 
component based on an evanescent cwupllHif:^^^ 
tween a single^mode fiber arid a multirnode planlr- 
waveguide has recently been investigated and 
' 5: use;(^ to design ^an^ajlrfit>er Jn line wavelength selec- 
tive eleitient ai^d ' intensity rhodulator (see Electron- 
ics Lett. V. 28, p. 1364 (1992)). This device, how- 
. ever, cannot perform isolation fonctions. 

JO OBJECTS AND SUMMARY OF THE;1NVE^fTIO^l- ' 



Optical fiber components and sensors- have>, 
become increasingly more important for effectively 
transmitting and processing signals in 'optical corn- ' >5 
munication systems and many different optical fi- 
b&r devices. Optical fitjer s'yi^ems esSen#hy' c6n- ■", ' ' ' 
sist of at least one light trahsnniittfrig opti'eyi fiber,' W''- * " 
signal processing or sensor component, and a co- 
herent radiation source ( a laser). One of the most zp, 
important tasks of Inany optical fiber systems is to 
prevent the light signal from reflecting t>ack to the 
laser source^ The properties of a laser can be 
greaUy influenced by this undeslred sigrial. This 
problem is avoided using an isolator in the optical 2S 
fiber circuit to transmit the light in one direction, 
but prevent its propagation in the opposite direc- 
tion. 

A frequently used .optical fiber isolator consists 
of a bulk magneto-optical crystal affected by a . 30 
magnetic field. The isolator is placed between Iwo ^ : 
appropriately adjusted, polarizers and : optically con- 
nected between an interrupted optical fiber (see 
e.g.. Laser Focus v. 14, No. 11, p. 52 (1978)). The 
use of an isolator in an integrated opta'cal design 35 
which employs a waveguide is also known. The 
waveguide is produced from a magnetoroptical film 
instead of a bulk crystal which reduced the mag- 
nitude of the control fields required (see W.g., US 
Patent No. 4.859,013). . 

Although these isolators are effective, ftey face * 
several shortcomings. Traditionally, when using 
isolators of this type, the optical fiber is interrupted 
and the isolator spliced in line using butt-joint con- 
nections. The need to intenupt the optical fibeir r W 
circuit and the optical lossi^ associated With' isuch ' 
an Intenruption are the main disadvaiitage of many 
known optical isolators. Another disdclvant^e is 
that these isolators are designed for a specific 
wavelength, and it is difficult to change their prop- so 
erties quickly when switching to another light 
wavelength. 

All-fit>er In-line isolators which employ Faraday 
rotation In a coil fatxicated from blrefi'lgent single- 
mode fitter placed in a magnetic field (see J. es 
Lightwave Techn. 

v. 27, p. 56 (1084)) are also burdened with the 
need for external polarizers operating at some sfte- 



The present invention is directed -at providing a 
new and highly effective tunable; aH-fiber iri line, 
optical isolator. One object of the invention is to 
perform thie isolation fun(^on;:witf)0!JtMnteiTuptinsf': 
the optical fiber line. To acco(np1ishi ti)ls,:|tiejtleyice^; 
evanescently couples ttie light propsigaittng in a 
polarization mjdntainlrigf single^ntkie'^^ 
with a high refractive index multimode planar or rib \ 
type waveguide. 

It is another object of this invention to provide 
a device which can Ije quickly tuned' tb &^ 
pehsate for varying wavelength of laser light. To" 
perform this function, the. waveguide (»)mprises;a. 
material which exhibits rnagirietb4)ptical an 
biy electro-optical properties. A magnetic field is 
generated along the waveguide which alters tiie 
refractive indices for -forward Jand t)ackward propa- 
gating light. In one particutai- embodiment,^ elec^o 
trodes are used ^tq, generate an electric field acrbs^ii 
the waveguide to provide for even greater control. 
Therefore, by using these fields, a user can effec^r 
tively control the points at which the devk:e isolates 
and transmits. 

The alxtve, and other; objects, features; and , 
advantages of the present invitation will tiecome 
; app^arept from the follcwring description read in 
conjunction witii the acbornpanying drawings! 

BRlfeF- pESCBIPTTplSI OF pF^ 

Fig. 1 shows a schematic of an all-fiber in line 
optical. Isiplatqr based; on the fiber maintaining a 
circular polarization of fight 

l=ig. 2 shows Ihe refractive index distiibution in 
the cross section A' bf'thei system. 

Rg. 3 shows the intensity of light fransmitted 
through the isolator as a fiindtion of refractive index 
of the multimode wfivafluide overiay /b. Its thick- 
ness d. and ttie wavelengtti X of the light 

Fig. 4 shows ttie fitter wttti a polished cladding 
and ttie rib multimode waveguide overiay. 

Rg. 5 shows ttie refractive Index distribution in 
the case when refractive index /h 
of ttie material over the multimode waveguide is 
greater ttian that of the fiber cladding. 

Rg. 6 shows an embodiment whteh facilitates 
the transformation of polarization from a linear to a 
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circular staja arid then back again to a, linear state . 
using birefringent fiber?., . ... . . ,. s;,? 

Fig.: , 7 . shows another, oripbodimej!!;^ "sing, 
birefringent fibers.,- , 

DESCRJpTTp!^, OF PREFErHeJ) EMBdpi^if^NTi? T 

Figure jjt,.shipyfS>.o(ie psirKcujar .embodim^ 
the present .Jnventipn . A fib^ hefs a ,<»re^ 
havina;,a,,igfadeq| refractive index .ni:', and^^^c 
12 having a refracdya. index, of . .Rber 1 guides 
laser light in single niode with a iprpgagation con: 
slant of , /So ,; and ' is,,.fnanufa(^ a 
circular.,^stei^o> of . figijt .po^^ .Fpr, eiiample,., ' 

fiber riTpiaiiitjiins aijprward cij^ular ppl^rizatlQn.as 
depic*e<fcip:^gure.,.1;v, . ;,_■„ ....... ......... ....... 

Rberi^l ,js hel^^^^ Z 
In thisiej^bgtfiment;^^^^^^ iS(»!^al.. , 

fiber block,having a.y^rpVQ 14 w^^^ 
provide a largfei radius bending 9!. t|ie.fil?e.r.. Using a . 
fiber blod« wilfv!;a Vrgfpve Js weH^ *he,ari 
of butt-jojnihg. two. fibers, fabricating allrfit>er Jn line, 
polarizers, and using .k^typ^/opuplWs te^ 
mode fibers (see, e.g., J.pakia & S.ciijslw 
Ucal fiber s6niOTirs: ,Pri|idples and (At- ,, 

tech House, VdSfl)).; it can^ be fabijciitkl. fot exain--,. 
pie. with the help ,9f si!i<?qr). V-grpbve technology. 
The fiber block is poliishe<j to produce a pplished 
surface tl aric!, to remove part cladding 12 form, . 
fiber 1. By^ remoyirig this ctaclding, a couplii^ re- , 
gion 15, of. leiigfii / is' form 1. the 

thickness'Lpf ; tiie .tOT^'ning^^^^^^^^ i-e,, the dis-.. 

tance t)etwoen 'tlie the,, 
fiber and pplishw. surface .'li few 

microns,jv-■.;.^..■;:..^i■. • .-.i^^- . ■ 

Cladding of ihe fiber can also be partiatiy re- 
moved JromjP5€!.^d,a,;Pf 

po1islffji()g-,^;^riig^^ emborfif^Sot 
one cj%i,,emi^yi;to^ 
Uon pr6p§^!jyilngJlo<»!i^ 
material by^i.fpcused lieam, f!roip CO or 6O2 lasf r. 
whose ,fc>qu^ pbisition .is cortbi^ 
or automaticaily. Wei iiave found exf^eiim^intally 
that such a m9jthod^,^erm|ts to remove the cladding 
In desif^ . re^'ipii^bf i^^^ fitjer, tQ^,torm ji groove of 
prescnifc^|,hsi^^i,Co^ ot ,p9siticjP,;pfj.]ftie.i 
of the^lasgrvbeW be porf<)rmed ^^ithOT; rpan- 
ually^ qic^isili)^ pdsftLbher cptttrolle^ by . 

comput^Si,la^prder, to rprbvid^^ of 
the groove, ttiis; nwttipd proi^los ia possibility to., 
remove fiber jEtadcflhg 0h; lbrig[er dilt^nces^ 
than the fiber polisiilii^ tedhnlq^ and a jsosslbllity. 
to control |(ie sfiap^v of the grove, and residual 
distance between , fiber core, and: surface of .the 
cladding ti>e mcwt imporfant parameters! resiJonsi- 
ble for tfw light douplitig bphween fiber coVe find 
waveguide fabricated oil ttie fiber. surf£ice. 
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A waveguide 3 overlays the . fiber block , and 
fitter 1 along the polisfied surface i1 J Wayeguide 3 
is a fnultimod.^ type, .possessing, .magnetc)^ 
and possibly, electro-opticai properties, and haying,, 
a thickness d, a refractive index nz greater than rtd . . 
, and a propagation constant. yJn for^. ft? highest 
order mode, A. crystail of bjsmuth siiicate- i^j.ari,. . 
example pfa.possible waygguide material., .. '. ... 

The refractiye 'Index, profile of the compo^ 
system consisting, of, a waveguide 3. and fiber. 1 iii : 
cross section A of Figure. I .js shpwnj Schematicail.y,^ 
in Rgure .2.,togettier with. prajDagatip^^^ pt, 
waveguide 3 and fiber 1. If ttie propagation con-., 
stant /So of fib>er 1. Is matched to propagatipn .cpni 
stant Pn of waveguide $ .as it Is shown., is Figure 2t ., 
:(a), theri tho^l light ittianMers .fro^ 1*9... 
waveguide 3, '. If fpweyer Bie. pr<bpagatiQn 'cpnstanb^; 
are not matched, thpii alf .We .ligf(i,eri«>r;gy^ 
in the fiber. .As a resijii ,^e. iritonsi^. Pf i^^^^ 
transmitted.^ by , th& fiberj iho/fe' typical , respna(ic|^,^ 
like behavior: as, a. function .pf th.e,.yyavi^guide'.s! ro-,, 
tractive .IndexJ/b '., .its' .tliic|<;hes?.,.'A 
wavelengtt) X of the. light .(sjee .flgui'e the ■ 

mode piropaigation constant /?„ ' Is' .a, fuhcUpfi. of .. 
these par^rnoters.. Referring .to .Figure 3; , j^olrit ,^^? 
Indicates . an isolatihg jwint ,wHere.,aIJ,^^^^ light en- 
ergy transfers -frpm fiber i to.'y^ayeg'ulde 3. Point 1 
indicates a 'transfer (xiint where ali. tjie lighit .energy 

remains in fiber 3- <?SY'^ .p^.ni^ 

specific transfer or' isol^^^^^ 

ing waveguide to a c^tenitfiJw 

refractive index^nz,.. of.^yafl.'ngltij ' ^ 

A m9giiieti^;'^eld meOT?.,'<i'0^i^^^^ 
. netic field, W aboifll^y^a^ .'pp.ufiiingi re; 

gion 15. In tills embo^J nf(a^pc.ft|ld ,iir\M^ 
is ah elecfricaj coil; .however*. '.0^ 
possible. B^6aM5»r,of ,tii'e | FiraSay , In7,.^ag;' 
•netio -field. .^^SttWi yr^ 
Waveguide |l 'e>Wttt^^ 

fracUve indiex ih* and hi- for the circgl^y f>^ ^ 
larized light propagating In i^.fpry^afd and t^cicWard . 
direction, reispectiyeii^^^^^^^ /?? + 

and 02- caiTi M yaii^ b^^ fietd, W sucii; that 
transfer p^jnt 1 correspb^ forw^d p^ppa^atiriiB 
light, and isbl^dn jXMlht 2 ixfres^ 
propagating light TTiefefpre, tiie magrietb-optibaj 
properties bf wavegMlde 3 fian be adliistM so t|>a^. 
tfie device. wbrt<5 ^ ah Isbjatb 
tion can change ttie ,d^^ transfer by' 

simply changing the direbBorl dl the» contoollins.: 
magnetic ^eld. ' ■ ■ , ,• 

Tuning ttie device to an appropriate fransm^^^ 
ting ppint and Isolating pojni deiwiiding 6h tiie 
wavelength X can alk). be cbiiverilehtiy arid c|ul.ck|y 
realized by utilizing the electfo^ptfcil properties of 
waveguide .3!. To this Ond, In one preferred embodi- 
ment a pair of thiri b^sfiarent electrodes 5 arid 6 ' 
are embedded In wavegijidO ' Si as sHbwri in Figure 
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1. An electric fleld E is produced across waveguide 
3 when a controi Vbitage V is applied abross elec^ 
trode 5 and 6. (Xie to the electrooptical effect the 
refractive index changeisi 

In the embodinierit of Rgure i, waveguide 3 is s 
planar, however, other ptieferfed ernbodirnehts ex- . 
ist. For example,"a rib WaVeSgiiide 41i-as' shtwn iri ' " 
Figure 4, may be desirable for certain sipplicatiohs. 
Rib waveguide 41 requires j^ss^ voita^& V' ib -g^^^ ' 
erate electric field E because^df ite- nahxiwer width; ^ 
Furthermore, rib wav^iiide 41 has a 'betteir trans- 
verse field confinemeht ' cbitiparerf to a'''p 
waveguld^. 

If the r^fradiye index Tij'of a iriat&rial l&'b^ 
waveguide 3 is greater thart refractivie indei-'/ii^^'b^^ 
cladding 12 (as shoWn th Rgure 5) diietdtechriicail^ 
reasons,'theri ii (grating 17 tib^'b^ uSed^ais slVbwh'' ' ' 
in Figure 1). Grating 17^ jpcaf^ wi'M^^ 
15, is fabricated to match prop'agiation constat ■ 
to propagation 'Constant Grating 17 may alsbi so 
be useful if it is d&irabfe fe> switch on© o^i^ratirigi ' 
mode in the rhultimode' wav^uide to another in ' 
order to vary the prbperii^ of a particiilar isolatbr 
device as shdwh.ifi figure 5. ^ . ■ 

Fiber maihtaining a drcuj^state bf polari^^^^ i^s 
of the light uski tii this Isblatw devi W'eH 
known. Ttey cjm bb fabribatea. f6r example, by 
twisting a siiligle-rnbde fiber th such a Waiy as tb 
induce tensions In the fiber which createis ^ dif- 
ference In pitoj^i^'bh cdnii^^ for mddes wSi so 
forward and reverse dribOlar polarizaiidns: thib pre^ 
vents a coupling beWJ'eian -these two pplarlzatior) 
states. In sbnie firatticail a^^ 
of polarizatibh "thafntain^^^^ 

used, imhtidly tfe' bibifrti^^^ as 
are characteriied by ^ eJIFptfc'^^d^ a PANDA- 
type cortfigUrttibn,;:$uW:fiB6 
tnuismltihe Ijgrt vi^^^^^^^ 

The pre^t i^nverWOT hriaV ia'asiiy Be-m8dl^ to' "'^^ 
incorporate tHoso fibers. ; ' '■^<> ' 

The' modification fis :^Wri jh Rgur^6?^ilir^^^ -^^^^^^^^ 
sections firprn the sarhe birefrtngent' s^^^ 
fiber - an irijiut fiber 61. an irvteritiedtate fiber 62 ' 
and an output fiber 63 -' £ir;e biAt-jdlned together 
with the help 6f V*grb&ye technojbgy fn a'jcouplirM 45 
nroans 64. A birefflrigent 'fiber Is cheu-ac^SfeWj (^'^^^ 
two orthogfonal axis' of syi^/n^by cbiteis^ding 1^^^ 
the orthogohal poiarizaflori' SfeteS >^^^ 
tained as flie light prQpagateS ttir(kjgh '^^^ 
Each fiber has a speti^ific relaitive orientation of so 
polarization axis of syrnrnetry, and intennediate fi- 
ber 62 has a polarizaifort b4at fehgth L, the axis of 
symmetry of Jntermiediate fiber 62 Is turned over a 
W4 angle with respebt to the axis of symmetry of 
injxit fiber 61. 'The axis of symmetry of output fibe*" sis 
63 is turned over a angle Relative tfie axis of the' 
input fiber 61. If length / Is t^hoseii to bo equal to 
wherein A/3 is ttiie difference between the 



propagatibh coristants corresporidihg to two ortho- 
gonal states of polarization of the birefrihgisht -fibbr, 
then intermediate fit>er 62 has a circular state of 
polarization in its middle. Parameters of th^ 
birefringent fibei* must t>e chosen in such a way 
that beat length i is much greater than the length / 

■ of the coupling reigion 65 (see Figure 6). 

Another embodiment of th6 pfeserit iriviantibn 
also Incorporates' birefringetit fibers. As' shown iriV 
Rgure y;■•'■tf1is embodimen^ «mplb^^ 
means 75 ( in this embodiment a fiber bl<)cl<). ari 
input fiber 71, an output fiber 72, an intermedrates 
region 73, a waveguide 76;; a polarizer 74, and - 
magnetic' field means 90, (in this erhiiodiitlieht- a 

■ coil); Coujsling -means' 76 has a eouiilihg regidrf-ffi 
which is much longer than in the other rembbdl- 
ments of the iriVehtib'h' (see," e.g;; •-Rgurb*'6):' Iripik ' 
fiber 71"haS •'a"pir6>drhiafe ehd/te, a dibtai- e'iid- 88' 
and a lehgth'fi' alorig coupling regibn 81;' Output 
fitier 72' has a prdiidmate end 87, ■ k diStsij end 89, 
and a lihgth fc along coupling regibn ail. -Each' 
fit>er also ' has a specific relative briahfafidn 'of its 
polarizatiori axis of symmetry. The axis b1' Asym- 
metry of input flljer 71 at proximate end' 86 is' 
perpendicular td the plane of coupling rbgibn 61; " 
and the akis of output fiber 72 at its prbximitS end ■ 
87 is turned ovaf a VM angle with respect to the 
axis of input fiber 71 at its proximate end 86. 

Intermediate region 73 is betwieeii proximate ' 
end 86 and 'proximate end 87 'and has a Ienj3th ;fe ' 
along coupling reg|ori 81; Intennediate rbgibh 73 is 
filled witti' ai^'liTirhersiqh m^rfai wtra 
index must not be higher then refractive' index ft^ 
of the fibbr cladding 12. A section of ttie saiiie fibeir 
as 71 and can also be used is iritennediale 
region 73. * ' ■ ■ 

/ /-Becatise x)f /the -Faraday' rotation i/ihefe'nt fii \ 
■magnetiVflbltf^Wi^fe 

gating lisHt iiall bb rbtated at aii ahijie of W4 jffoh^ 
lerlgth ft lh'wavbguide'76 by-ch*^ 
priate flbid sfriehgtir H. Tl^^lig 
output fiKer 72 ajohg length 'fc. Length fe- Is miich; 
greater tiian A or ' - 

so that the Faraday rotatiori at the distanbds A arid 
ib may be-riegleded; The polcuizati^^ back- 
ward propiagabng'iight rdtates an kdditiond »/4 ais 
it propagates; back ttirbugh waveguide 76; Ther-e^ 
fore, the total rbtation'bf tfie polarization bf the 
b£|ckw^ 'pi-0(wga^^^^ the po- 

larization bf incoming forward propagating light In 
the region bf pl'bximate end 86 bebomes V/^; 

A pblaHizer 74 Is kx^ated at ttw boundary be- 
tween coupllhg i-egloh 81 and waveguide 3 as It 1^ 
shown in Figure 7. Polarizer 74 rpay be fabricated 
as a strip of thin metallic film. If the light in input 
fiber 71 is polarized such that the cfirecUqn of Its 
electric fleki is perpendicular to coupling region 81, 
then after coupling to the highest order mode of 
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waveguldei,76,.atang ;leopth /i , the fight propagates , 
through.RQlariwr, 74-,with. pra . 
However, if tlie, pq^rization of tfie lig^ J^,: rotated - 
over the angle ■»/2, ,^er]|. light is .^et|iiate^ .biy , . 
polarizer. .74 :|>^<»use its eleqtrip. field is.;p^cijlel ..to, . s 
the glane of polarizer 74. - ■ ! 

iihe jelectrpde? ; 77r 78i,,,ag^.79,,,,8p. may. , be 
used tO;,C9(jtc6l, ^h^ , trMsfer^^jJ ligbj-,;ja^ 
twundaiy, .between . , vvayegu|cle|g.76; and.,., the . in? 
put/out^t,;,fibee&,.el^o:^pa^^,^ and-^so elesz... io 
trodes 91 and 92 can t>e used to support ail 
adiabattc regirn^.. which . avojds,. abrupt .c^^ges. of 
nffode prORagaBon,:|>etw6e^^^ 
waveguide. tH^Mermpre.,,a. n]^.ijf^6guide.may, be., 
used as.descnbed 4)efQr^.^,i3^j|Kayeg|Ui(^e reduces : fs 
the:(jTOr\troHir|g ,yof^^ a^d ,,|^n]v^„ 

proves thit.itransverse fl.ejd .coj^jTiBcnentl^^^^ the oyerr . 
lay;^»ayeg^J^Jej.;^I■ ^ ^.-iiv ■ 

Havingu;described .j3refefr^ : em|)od!n}ents. ,of , 
the invention y(ij|v,.referen<» : to, ti;^^ 20 
drawirigsl it Js,,tp^,t^e. uriders^pd ^^^^^ 
is not lirtjlted,to ttie j^)recase .;eiTit(Qdiip 
various changesi and rhcklificatidinS may t>e effd^^, 
therein |)yj,5killedjn the,art,y;jft^ 
tfie scot«!,or spirit rf. the iw^ 25 
appended. claitns.,. - , ' 

Claims.;... ^ ... 'ii.- ;. ^ J^-. ^ , 

1* M aij-fitwr iri iiri^ is^^^^^ 30 
ward prbpagaflng fight, ^ priipagit- 
ihg fight, said iisoiafor compn'£ies: 
% an 9f)tic£^ ^singlertn 
■has.a icore |j?iwhg,i.refraitivekjrj^o^ 
a idaddifig.. having 

;sa^^ Ji»!;,(nini^^^ drajj^ state: ^9^^^ . : , 
^.^ 'pglafizjjiiqn 
- r»**^wejn'|^c(-'ii^aM^ 

b. an . optical multim^a,,*^eguiae,^^^^ 
wayeguiti^ , Jljas ; parajget^rs ilr^i^^^^ a ■ 
th1cfmia& indeic 5?' , 

" refractiv^ iiidex nz is grater tlian said rejrac- ". 
trve index , said waveguide niiade frorn 
magnetO;;bptical material, that: exhibits d^^ 
2 feirent magnitudes of cetercfive index 02 ■•; 45 
f and nz • foir circulsuly^p^arized Igfilt pirbpia- 
-_j gating In f<jrward .and.jbaclwsrd. d^^^ 

resp^y^iy sik^i di^^^)yii^^ 
.r fi^ld H fi^ong' said; w^^jjlde and said qou- 
p;l|ng i^glcwi f»iill^a^ so 
ward pr^p^atinl fifliSlfr 
said wavegujde witfi a.rhtnirn 
to forward propiagatlng light ^aid jsarjEuri- 
eters are chosen to effect a desired transfer 
point; ss 

c. coupling means, for evanescenUy cou- 
pling said coupling region to said 
waveguide; and 



d. magnetic field .means for applying, s^id 
magoptic field H along .jsald waveguldo and 
s^d coupling region., .. . . . . : 

2. The device of claim 1 wherein said waveguide 
comprise.s, e;le<S^CK)pticai properties s,uch -that., 
said transfer point depends upon the .intensity; 
of an electric field E applied across said . 
waveguide aod. coupling, region tbereby .{acH 
fating tuning of said .transfer point; and'iiie, 
device further comprises:. , . , 

e. . etectrii;. field means for. appiying , said 
electric field £ across Mid waveguide. and^^ . 
coupling regiori . .'" .Ti .: 

■3. The device of claim 1 fjCirther cfimprisihg^^^ 

e. . a graiQng,, said grating is rnounted to .^ai.d, „ 
coupling region of said fiber, .said .grating 
matches the propagation consitant of t^cW- 
ward propagatirig light ^|n,S9icf . fiber to. ^tti^^^ 
prppagatioh (^nstanf of bac^kward pcQpagat'-. 
ing,4ight: iiii .said , waveguide to 
ti'EmSfer/poirjt. , 

4.. An ail-fiber .|n , line isplator. for isplajing^^ 

vvard propagating 'liigh^^ forward '^prb'iJ^gat-',. 
ing ligtit, said fit)er comprises: 

a at least three birefringent single-mode 
optical fibers, an input^fiber, an jntenriediate 
fiber, aiid an' output , fib^^^ 
cora liaving a refractiye If^^x n^^^^^ 
cjadding haying a ;i;atracitiye .1nde>^^ 
.each ;^Eier rriaintairis a IJ^^^ 
polartzatibh, -said iritertifiedlatei fiber has; .a 
OTMplir\0 , ireigion bf _ iongth f . wherein ^d 
ciadding is pjW 
. <Jia<e ,fiter'.,ljas\a';P9i^z^ 

- wtiich :signiific||niiy -ex 'sdJ^^fwigth^."^ 

ailrid Is .tf^jt' tfie length of 's^d joWrlii^ 
fiber,, each fii>^r h^ aih/oriehtati.pn. pf;Jx> 
larization axis pt synimetry, said axas of 
symmetiy juje by 'an 

angle pf ir/4 relatiye tp!M ^dja^ 
theireiby generating a circuit s^e of light 
polarizatioh io said coupling rPgion: ^ 
b.. an pptic^. mMltirnpde waveguide, said 
waveguide has . parameters .in(^^ a 
thickness d and a red^actiye' Index ./i:, said 
refractive, index . 7)2 |s greater thari said re- 
fractiye Ihdbx hd , s^d waveguide h0is ih£ig- 
neto^pijBcal prppeities such that applying a 
hnagnetic fie|d H alo.ng said waveguide ^d 
said coupling region facilitates a transfer of 
backward propagating liglit from said flisbi^ 
to said waveguide with a minimal distijr- 
fciance to forward propagating light s^d pa- 
rameters are chosen to effe<i^ a desired 
transfer point 
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c. cbOpl'ln^ means for holding ^ald ifibe^ 
position and for evahdscdiitly boiipling'^ld' 
coupling region to said wavegUtde; ' ' ' 
and 

d. rri^gnetic fidid means for applying skid "e 
magiietic field 'H' along saild wavegi>ide 'and ' ' 
said coupling' region. ; ' ■ ■ - 

The dibyice of cjaim 4i 'wh(9i'«1i'sad:wiiveguide^ "^^ 
comprises 'elecfro^ptifaal properties such iH io 
said transfer point depends'uptbn the:intertsity~' 
of aii etectMc field £ iaj^'ljlied abrdiss" Said 
wavegiiidef aiiij cdujjiing . re^idri thereby fablll- 
tating tuning of said transfer point; and the 
device further comprises: 75 

e. electric freld' meafis for iappiying iifd : 
elecitric fleid' 'iE''acr6ss said ' wavieguide 'and ' 
cduplirig region.' ' • 

The device of daiifi "4 futtiiW'comp^^^ 20 
e. a grating, sad lirafing is; rnobntdd 16; said 
coupling fegioh of sailt filDer/ said gfiati^^ 
matches the propagation constant 'of back- 
ward propagating light in said fiber to the 
pro^a^aSdh constshf dtligckWard propasfit- 25 
ing' iigitt' iK' said 'vrav«gM^ 
transfer point. 

All all-^fiber in line isolator %r is^ Isack- 
ward propagating; li^ht f(6m iorwafd i^bpagat- 30 
Ing light, said l?biitor cdmfjri^S: ' 

a. at least two bit^fHhg'eiit fiber^rM 
input fibdr 0rid ^iii outpi4 fite ' 
has a distal ^n'df a prd^ 

and 'a cl^adirig Havingj a teft^c^e indSx of 35 

»Jct;i 6adi!fibef oli^ 

of : pdiaHis^dhrsid' pt^ 

Input iM^tHi^tt^ 

regldn sil(iri| leli^^ fe^r^sjp^itiveiy ' 

wJiareIn isaid idiadi^ -« 

each fi% has aj^s^fic 

larl^ation lod& of syiihlTiefiV, said <if said 

input fiti^ff peipSndi^^^^ pliahe bf 

isaid obiipling region, isaid -axiis of iaid diit- 

put fiber Is toed w 

relative to f>|ahd (rf ssSiJ 6^ and 

over the_ajigle of »/2 relative tb^^d a>ds 

of said input fiber; 

b. ari bpti(^' Wayfeguidd,^^^ waveguide 

has irtk^rietdTopticai 'prof^ eo 
eters wliiai ii^^ ^^ifi ;?: 

refraCtiw' iridei "ffe^^^'t^^^ greater ttianiyd^ 
refractive Iridex hd , said paraririet^rs are 
chosen t) facilitate a trer^er bf forward 
and_bacfcward propagating Right from said es 
fibers to said wayegUide|. 

c. coupling ineanis for evaiiescently cou- 
pling said fibers to said waveguide, for sup- 



porting said fibers, and for defining an ihter- 
medlate rbglor) between said proximate 
ends of said Input arid Output fibers, said; 
intermediate region lias a length . said 
length ft 'is much greater thaii Said lengths 
/1 and k- 

d. an immerSiort materialf said intefmedMei 
region contains^ said immorsiofi rfiaif&rial, 
said immersion riiatigirtal hee d refl-a:ctive» in- 
dex hot greater thah said refractive index n^i" 

e. maghefic field means for applyih^. said'' 
magnetic-field // aloiig said couplin'g-i^ion,' 
said magnetic fiokJ H rotates tfie pblartiai 
tk)h' of fbtwai*d pr6piagafihg light in saW ih-i 
termedat^'regibh by an ahgte of */4 rdla^^^ 
to Said couplirig region; said magnetic ffeld' 
W further rotates the polarization of bai*-- 
ward projjagatingjight in said iht^fm 
region by an additional angle of 'irM for a 
totat rotation of ir/2 relative to the light po^'- 
iarizatioh in said input fiber [said coupling 
region; arid 

f . a polariier j said pblarizer iriferfaces lie^ 
tween said cbupliWg ' region and said 
waveguide, said polarizer transmits foiward 
propagating light having its polarization per- 
pendicular to the plane of said polarizer and 
absorbs backward propagating light haying 
its polarization rotated by an angle of t/2 
relative to the plane bf said pblaiizer 

8. The device of daim 7, wherein said wWeigiiide 
comprises e|ectro-optical properties such that 
said transfer point '■defiends upon the' iriten^ity 
of an electric field E applied acrb^ said 
waveguide &>d coupling I'^ibp ther^y iac^i^ 
tating tonirig bf sard trartsfbi' polrtt; iiid" tfts ' 
devwe further corrtprises: 

g. electric flekJ means for applying said 
electric field E across said waveguide and 
coupling region. 

9. The device bf claim 7, wherein said waveguidb 
... has.magnetoK)ptical properties. 

ia The a&v\ce of claim 13 further comprising; 

g. a grating, said grating is mounted tb sajd 
coupling region of said fibers, slald grating 
matches the propagation constant of light in 
said fiber to propagating coristant of light in 
said waveguide to effect said transfer point. 
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